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from their support posts and resolidify while floating free in the near zero 
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fying. Specimen SL-2.5 was only partially melted. Specimen SL-1.9 was to be 
completely melted and retained on a large sting which was accomplished as planned. 

The nominal composition of the four specimens was as follows: 


SL-1.3 

Ni 12% Sn 

SL-1.8 

Ni 30% Cu 

SL-1.9 

Pure Ni 

SL-2.5 

Pure Ni 


These four specimens have been examined according to the Phase B Characterization 
Plan established by this laboratory. The results are discussed and compared with 
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INTRODUCTION 


Four specimens identified as SL-1.3, SL-1.8, SL-1.9 and SL-2.5 were 
submitted to the Engineering Experiment Station at Georgia Tech on Juli' 17, 1973 
for metallurgical characterization. These specimens had been processed in the 
M512 Facility as a part of the M553 Sphere Forming Experiment performed dur- 
ing the Skylab 1/2 flight. Three of these specimens, SL-1.3, SL-1.8, and SL-2.5 
were designed to be melted completely by the electron beam and detach themselves 
from their support posts and resolidify while floating free in the near zero gravity 
and vacuum environment of space. Specimens SL-1. 3 and SL-1. 8 were completely 
melted, but it is believed they did not leave their posts before solidifying. Specimen 
SL-2. 5 was only partially melted. Specimen SL-1. 9 was to be completely melted 
and retained on a large sting which was accomplished as planned. 

The nominal composition of the four specimens was as follows; 


SL-1.3 

Ni 12% Sn 

SL-1.8 

Ni 30% Cu 

SL-1.9 

Pure Ni 

SL-2. 5 

Pure Ni 


These four specimens have been examined according to the Phase E 
Characterization Plan established by this laboratory. The results are discussed 
and compared with similar characterization analyses run on ground base speci- 
mens. 
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C IIAIIAC'I' K IlIZ A riON PllOC K DU IIUS 


Visual Observations 

Kacli of llie four Skylab specimens was carefully observed under a stereo 
microscope. Precise notes were taken concerning the shape of the specimens, 
the degree of melting, the presence of surface contaminants, and the position 
and nature of any unusual features. 

Optical Macroscopy 

Optical macrograplKs were taken of each of the specimens from six dif- 
ferent orthogonal directions. Tliese micrographs were Uiken on a Hausch fr 
Lomb "L" camera using a 48 millimeter Micro Tessar lens. A few stereo- 
macrographs were recorded using a n degree lilt between the left aiui right 
views, 


lladiography 

Radiographs of eacli of the S|)ccimens were made r.sing a Daltograpli II 
x-ray generator operating at bl.T KV with a tungsten target to reveal the posi- 
tion and size of any voids present. 

Scanning Klectron Microscoi)y 

A Caml)ridge Stereoscan Mark U-A cquipiied witii a Kevex-ray-Northern 
Scientific energy dispersive x-ray analyzer and a Ouantimet 720 image analyzing 
computer was used to examine the Skylab specimens. Uacli of tlie si)ecimens was 
mounted in a special stub designed to liold spheres and placed in tlie scanning 
electron microscope for observations. Micrographs of the surfaces were taken 
using the following systematic tecimique. Some great circle on the surface of 
each sample was chosen on which was exemplified 'ill of the different surface 
features characteristic of that particular specimen. Low magnification micro- 
graphs (25X) were made in the SKM along that great circle at intervals of 30 
degrees. Higher magnification micrographs were matle in each ai’ea to show 
the typical surface structures, any unusual features, and any surface contaminants. 
The location of the area from which the liigher magnification micrographs were 
made was marked on the low magnification shots. A few stereomicrographs 
wei*e recorded using a 10 degree difference between the left and right views. 
Knergy dispersive x-rav analysis for elemental content was performed on 
general areas of eaeh specimen as well as on unusual features and contaminant 
particles. 
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Electron Probe Microanalysis 


An Acton MS64 electron probe microanalyzer was used for a more accu- 
rate analysis of the elemental content. Analyses were run in general areas of 
each specimen as well as on any unusual features found either through the optics 
of the microprobe or previously in the scanning electron microscope. 

X-ray Spectroscopy 

Quantitative elemental analysis of each sample on a gross scale was 
made using a Siemens Crystalloflex IV x-ray fluorescence unit operating at 
40 KV with p. tungsten target. 


Section Preparations 


Each of the specimens was positioned on a carbon block and held in 
place with sealing wax so that a cut could be made through a plane whose peri- 
meter included all of the various structures seen on the specimen surface. Sec- 
tioning was done on a Micromatic Precision Wafering Machine using a 10 mil 
thick silicon carbide wheel. After sectioning, one half of each of the specimens 
was mounted in a casting resin so that the cut face could be prepared for exam- 
ination. The specimens were mechanically polished using a series of abrasive 
papers and wet polishing wheels through a 0. 3 micron alumina and electropolished 
using a Disa-Electropolisher. Electropolishing was accomplished on the pure 
Ni :>.nd the Ni-Ag and Ni-Sn alloys using the A2 electrolyte solution containing: 


Pex’chloric acid 
Distilled water 
Methyl alcohol 
Butyl cellosolve 


7 • X 10'® m® 
120 X 10-« m3 
700 X 10“® m® 
100 X 10-® m® 


Electropolishing of the Ni-Cu alloy was accomplished using the E2 electrolyte 
solution containing: 


Ferric chloride 

5 

X 

10-® 

kg 

Concentrated HCl 

2 

X 

10"« 

m® 

Methyl alcohol 

99 

X 

10-® 

m® 
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K mission Sjiccl |■os('f)[1y 


A small animint of matc'iMal was lamioved from tlie conter of the un- 
mounted half of eacii specimen by drilling a small shallow hole in the cente of 
each cut face. The shavings tlius produced were placed in a cavity of a caroon 
spectrographic rod and burned to completion in an Applied llesearch Laboratories 
1.5 meter grating emission spectrograph. The near ultraviolet radiation was 
^••‘Corded on Kodak Spectium Analysis No. 1 Film and analyzed on an Applied Ile- 
'arch Laboratories comparator. 

Klectron Probe Microanalysis of Sections 

Each of the pf)lished sections was analyzed in tlie electron microprobe. 
Analyses were made of general areas of the sections, across grains, in and 
along dendritic features, in eutectics and in any unusual features seen. Stan- 
dai'ds supplied by Dr. Theo K.-ittamis of the University of Connecticut were 
used to obtain quantitative data from these analyses. 

Opticiii Extimiiiiition of SfK'cimen Sections 

Optical macrogi'iiphs of each of the polished and etched sections were 
taken using a Bauschand Loml>"L" ctimera and a *48 millimeter lens. Micro- 
graphs were taken to deimtnslrate all of the various microstnictures present 
on each section using a Leitz Metallux optical microscope. 

Scanning Elect r(;ii Microscopy of Sections 

Each of the specimen sections was removed from its mount and placed 
in thv scanning electron microscope for observation. Microgra.jlis were taken 
of botii typical and unusual features and some nondispersive x-ray analyses were 
performed. 
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INDIVIDUAL CHARACTERIZATIONS 


Specimen SL-1, 3 

Results of Characterization Analyses, Specimen SL-1. 3 is a nickel-tin 
alloy which was cast rather than machined into the original specimen shape due 
to the brittle nature of this material. The specimen was well rounded except 
for a flat area which shall henceforth be referred to as the bottom. One side 
of the specimen was rough in appearance showing a coarse dendritic structure 
with a large amount of porosity. The opposite side was relatively smooth. 
Figure 1 is a side view of this specimen with the rough side on the left, the 
smooth side on the right and the flat area on the bottom. Protrusions from the 
flat area as seen on the bottom left of Figure 1 appear to be areas where liquid 
metal touched and adhered to some surface, probably the alumina support post, 
and remained during solidification. Solidification appears to have started from 
these protrusions since columnar dendrites growing directionally from these 
areas c re seen on the surface. Farther up the side the dendrites become more 
equiaxed and random with porosity increasing on the upper portion of this side. 
Near the top as shown in Figure 2 is an area of small circular dendritic features 
which begins and ends abruptly. A very similar area was seen on the Ni-Sn 
ground base Specimen 2-7. The two dark lines seen in the bottom right of Fig- 
ure 1 run approximately half way around the specimen and are believed to be 
features of the original cast structure. 

The only contamination seen visually on this specimen was a small blacl. 
spot shown in the upper center of Figure 1 and the lower center of Figure 2. 

Radiography revealed the porosity in the upper portion of the rough side 
of this specimen and revealed no large voids present. 

Figure 3 is a scanning electron micrograph of the columnar dendrites 
on the rough side of Specimen SL-1. 3. The equiaxed dendrites and a.: -.ociated 
porosity found farther up this rough side are shown in Figure 4. The abrupt 
change from the equiaxed dendrites to the small circular dendrites at the top 
is shown in Figures 5 and 6. The structure of the smooth side of the specimen, 
shown in Figfure 7 resembles the as cast structure seen on the ground base 
specimens. Figure 8 is a low magnification micrograph taken normal to the 
bottom of the specimen showing the two lines mentioned earlier which appear to 
be part of the original cast structure. Energy dispersive x-ray analysis from 
different areas of the sample surface did not indicate any differences in 
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composition. Analysis of a few of the eharned j irtic-lcs seen on sonu’ f)f the 
fifiures did not show any detceUil)le elements indiealin); that lliese |)arlicles 
consist of lifjliler elements and are oi’ganie in nature. They prohaldy eontam- 
inate<l the surface in handlimr after the completion of tiu’ Skylab e\{>eriment. 

Analysis of the surface in the electron micr«'probe revealed contaminants 
of Cu, Fc, and a trace of \V in various areas. Some areas analy/.ed showed a 
high Sn content. 

X-ray fluorescence analysis «>f the entire sample shows tlie Sn concen- 
tration to l)G i).4 percent. 

Kmission spect ro^ir.apiiic analysis of some of the material from the center 
of the specimen gave the following trace elemental contetit: 

Si 20 PPM 

Fe t(» PI’M 

Cu 2 PPM 

Flectropolisliiug of tliis sample reveale*! enougli of liic niicrost laicture, 
as seen through the optics of the electron microprobe, to allow for good selec- 
tive quantitative analysis of various features. The microsi mciurc, which will 
be sliown later in optical and scanning electrosi micrograj)hs of the etched section, 
was rcvealcfl in two torms. On alioul one lialf of tlie cross section, tliat lialf 
l)ounded l)v the smootli surface of the specimen, the microstructure showed grains 
surruundcfl by a tliin line i>[ a second phase material. Dispersed tlirougliout tliis 
structure was another phase in the form «»f ''lakes" which wci’e also surrounded 
l)y a thin line of apparently tlie same secoiil phase material. This slincture is 
shown in Figure lU. Microprolic analysis from within the grains in this stiaic- 
ture gave varying amounts of Sn concentration from a high of s». 5 percent to a 
low of 7. .'1 percent in those grains analyzed. The Sn concentration in the second 
phase material surrounding the grains aveiviged iG. 8 percent. Within a nui.. jer 
of "lakes” analyzed the Sn concentration varied from a high of 35.5 percent to 
a low of 28. (i percent. On the opposite half of the cross section tiie microatructure 
was dendritic with a darker appearing material similar to that of the "lakes" cap- 
tured within the dendritic stnictures. The gntins formetl by each ilendrite were 
surrounded by a thin line of the second phase material. This stniclure is shown 
in Figures 11 and 12, Tlie Sn concentration in the darker o>’ "lakes" features 
analyzed in this stnicaire ranged from 2G. 8 percent to 2J.5 |)orcent. The Sn 
concentration across flendrite arms varied from l.G perceal in the center of 
an arm to 12.5 percent between arms. Microprobe analysis of general areas 
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of the cross section showed a variation in the Sn concentration with no definite 
pattern noticable. However, the Sn concentration in the area showing grain 
stioicture varied from 14. G percent to 11.2 percent while in the dendritic area 
it varied from 12.5 percent to 8.9 percent. In the very porous area near the 
surface of the specimen the elemental concentrations were found to be Ni-92. 1 
percent, Sn-5. 3 percent and 0-2. 6 percent. 

Fig\ire 9 is an optical macrograph of the polished and etched cross sec- 
tion of Specimen SL-1. 3. Optical and scanning electron micrographs of the 
microstructure are shown in Figures 10 through 13. The microstructure in 
the area of the cross section bounded by the smooth side of the sample seen on 
the left in Figure 9 is shown in Figure 10. The dendritic structure seen in the 
lower right of Figure 9 is shown in Figures 11 and 12. The transition region be- 
tween these two microstructures is shown in Figure 13. Figure 14 shows the 
structure in a porous region of the specimen section. 

Summary. From the evidence presented by the characterization analyses 
it is believed that only a portion of Specimen SL-1. 3 was actually melted and that 
it did not leave its support post during resolidification. Solidification began with 
the growth of columnar dendrites from the contact areas. This columnar dendri- 
tic region is relatively small in this specimen. Solidification proceeded w’*-h 
the formation of cquiaxed dendrites. The cap area was probably surface nucleated 
and solidified some time before final solidification. The external porosity in the 
equiaxed dendritic region near the cap is due to rolidification shrinlcage. 

The specimen appar jntly had a considerable amount of absorbed oxygen 
in its cast state which expanded in the molten metal in the vacuum environment 
giving rise to a very porous resolidified structure internally. There was also a 
considerable loss of Sn in the melted and resolidified material due to evaporation. 
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Speeimeii SL-1.8 


llcsulls of CUaniclorization Analysis . Speoimon SL-1. 8 is a nickel-copper 
alloy wlucli is ii('arl\ apluM-ical in shape except for a very flat smootli rct^ion on 
whic \ the specimen rested during solidification. Figure 15 is a profile view 
of tliis specimen allowing the flat contact region on the right. From tlie flat 
region to almost half way up the specimen, the surface is a smooth tiglit stnic- 
ture of columnar dendrites. Above this region ihci’e is a iMud in wliich the 
stnicture becomes increasingly rougiier and more porous until it ends abiaiptly 
in a smooth nonporous cap which covers the lop one-third or moi’e of the speci- 
men. Tiiis cap is made up of small circular dendrites. Tlie surface stmctuie 
of this specimen is very similar to that of the nickel-copper ground base Speci- 
men 2-10. 

A gold stain W'aa observed on one side of the specimen. 

Hiidiogi'aphy revealed no large voids present in tlie specimen. 

Figure 1(> is a low power scanning electron micrograph showing the 
three different surface stmetures on this specimen. The flat area is shown in 
profile at the top of this micrograph. Figure 17 is a high magnification mic- 
rograph of the columnar dendrites which have grown directionally away from 
the flat region as shown in Figure IG. Tlie abrupt change from the porous band 
of equiaxed dendrites to the cap area of fine circular dendrites is shown in Fig- 
ure 18. Figure 1!) shows the stincture of the circular dendrites in tliis cap 
region. There appears to be a large amount of porosity beneath the cap region, 
at least at its edge as demonstrated in Figure 20. 

The surface of the sample contained a large number of contaminating 
particles. The following elements were found in varying amounts on those 
particles analyzed using energy dispersive x-ray analysis: 

Al, Si, S,Cl, K, Ca, Ag and Ti 

A numljer of A1^0;j particles were identified on the surface using elec- 
tron microprobe analysis. Quantitative analysis from randomly selecteil spots 
on the surface showed a large variation in the amount of copper present from a 
high of 27.(1 percent to a low of G.l percent. No pattei’ii of Cu content versus 
surface position or surface features was found. 

X-ray spectroscopy analysis shows the Cu concentration in this sample 
as a whole to be 28. ,8 percent. This analysis, of course, is representative 
more of the surface of the sample than of the interior. 
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Emission spectrograpiiic analysis of some of the material from the center 
of the specimen gave the following trace elemental content: 


Si 

20 PPM 

Fe 

20 PPM 

Ag 

20 PPM 

Pb 

5 PPM 

Ca 

6 PPM 


Electron mici'oprobe analysis from selected areas on the specimen 
cross section showed the copper concentration near the flat side and in the cen- 
ter to be almost equal and averaged 28.4 percent. In the region near the cap, 
however, the average dropped to 25.6 percent. 

Figaire 21 is an optical maci'ograph of the polished and etched cross 
section of Specimen SL-1. 8. Ojjtical and scanning electron micrographs of the 
microstructures are shown in Figures 22 through 28. Figure 22 shows the 
microst.Tii.(,ure in the cap region of the specimen. The porosity and microstruc- 
ture associated with the external porous band are shovvni in Figures 23 and 24. 
The random equiaxed dendi'ites in the center of the section are shown in Figures 
25 and 26 and the columnar dendrites near the flat region are shown in Figures 
27 and 28. 

Summary. This specimen was apparently completely melted by the elec- 
tron beam and either floated free in space but collided with some smooth flat 
surface before solidifying, or more probably, remained adhered to its support 
post during solidification. The specimen had a smooth flat area on the surface 
due to this adherence during solidification. 

Solidification began from the flat contact region with the growth of 
columnar dendrites which extend from the flat region through about one third 
of the specimen. This columnar dendritic region is followed by a region of 
randomly oriented equiaxed dendrites. A large amount of porosity is asso- 
ciated with these dendrites on the surface of the specimens due to solidification 
shrinkage. The portion of the sample surface directly opposite the flat region 
is covered with a continuous cap made up of fine circular dendrites believed to 
have been formed by surface nucleation. 

The nominal composition of this alloy before processing in space was 
70 percent Ni, 30 percent Cu. Analysis has shown that a considerable amount 
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of copper was lopl by evaporation during proeessing. 11 was further found 
that less copper was present in the cap area, particularly at vhe surface, 
than was in tne remainder of the specimen. The microchemistry cf the den- 
drites and interdendritic regions, however, is in agreement with the phase 
diagram for this alloy. 

There was some contamination on the surface of this specimen. Some 
of this was attributable to particles from the support posts but the remainder 
is unexplained. 



Specimen SL-1. 9 


Results of Characterization Analyses . Specimen SL-1. 9 is a pure nickel 
material which was purposely retained on its sting after melting. The specimen 
is egg shaped and glossy with smooth dendritic features on the surface. The 
area near the sting position is curved and appears to have melted, at least in- 
ternally, but had retained some of the machine markings of the original speci- 
men surface. At the top of the specimen, opposite the sting area, is a slight 
protrusion. In and around this protrusion is a much finer dendritic structure. 

A gold discoloration was seen on one side of the specimen. Figure 29 is a pro- 
file view of this specimen showing a small portion of the sting on the right and 
the protrusion previously mentioned on the left. 

Radiography revealed two voids present near the bottom of the specimen 
as shown in Figure 30. These voids are approximately 0. 65mm and 0.2mm in 
diameter. 

Figure 31 is a scanning electron micrograph of the surface of Specimen 
SL-1. 9 near the sting. The sui’face features nearer the top of tire specimen are 
shown in Figures 32 and 33. The am.ount of contamination seen in Figure 33 
was typical of the entire surface of this specimen. The protrusion on the top 
of the specimen and the finer dendritic structure associated with i*" are shown in 
Figux'e 34. The interface at the edge of this protrusion is shown at higher mag- 
nification in Figures 35 and 36. 

Energy dispersive x-ray analysis oi ccntaminants seen on the specimen 
su' Lee gave varying amounts of the following elements: 

Al, Si, S, Cl, K, Ca and Ag 

One particle found embedded in a void gave Mgh counts of Cr, Mr, and Fe. 

Tiie gold discoloration on the side of the specimen was anaivzed hi the 
ele<*tron microprobe to be carbon. No additional elements t. an those found 
by ei.ergy dispersive analysis were found by microprob» analysis. 

Emission spectrographic analyses of some of the materi.il from the 
center of the specimen gave the following trace elemeutai content: 


Si 

20 PPM 

Fe 

5 PPM 

Al 

10 PPM 

Cr 

10 PPM 


Electron microprobe analysis of the polished cross section revealed a 
small amount of o^Qrgen in a few spots. No other elements were found. 

Figure 37 is a macrc^raph of the polished and etched section of Specimen 
SL-1. 9. The microstructure is shown in Figures 38 and 39. Figure 38 shows 
the t*:ructure nmr the sting portion of the section. Figure 39 \;wis taken at the 
boundary of the protrusion n^r the top of the specimen. The pits seen on 
these figures are etch pics and seem to form only in resolidified areas as will 
be shown in Specimen SL-2. 5. The stain seen on either side of the protrusion 
in Figures 37 and 39 was alvmys present after etching although the section was 
polished and etched a number of times. This reaction remains une:q)lained at 
this time. 

Summary. Specimen SL-1. 9 was apparently completely melted and pur- 
posely retained on its sting during resolidification. Solidification was initiated 
from the sting with the growth of large columnar grains. The grains nearer die 
top of the specimen are smaller and more equiaxed. A protrusion exists on 
top of the specimen which may have been produced by surface nucleation and 
growth in this area before final solidification. The voids in this sample were 
probably a result of absorbed or reabsorbed gases e}q)anding within the molten 
metal. 


The surface of the sample was badly contaminated and at least part of 
this was due to handling after completion of this e 2 Q)eriment. 



Specimen SL-2. 5 


Results of Characterization Analyses. Specimen SL-2. 5 is a pure 
nickel material which was not completely melted by the electron beam. The 
resolidified surface was glossy in appearance with dendritic features and a large 
number of pores present. At the top of the specimen, diametrically opposed to 
the sting, was a protrusion very similar to the one seen on Specimen SL-1.9. 

This protrusion had fine "tree" like dendrites and circular dendrites both of 
which were more evident near its periphery. Figure 40 is a profile view of this 
specimen showing the unmelted portion in the upper right and the protrusion on 
the Rir left. 

Radiography revealed no voids present in this specimen. 

Figure 41 is a scanning electron micrograph of the resolidified surface 
of Specimen SL-2. 5 near the sting side showing some of the pores present. More 
dendritic like ridges are evident near the top of the specimen as shown in Figure 
42. Figure 43 shows the protrusion at the top of the specimen. The dendritic 
structures seen near the periphery of this protrusion are shown in Figures 44 
and 45. Figure 44 shows the "tree" like dendrites while Figure 45 shows the 
circular dendritic features. Near the top of the specimen, next to the unm^ted 
portion, there are many pores in the surface as shown in Figure 46. The un- 
melted portion seen in the lower right of this figure shows no machine markings 
indicating some surface melting did occur in this area. The resolidified surface 
next to the unmelted portion at the bottom of the specimen e:diibits peaks as 
shown in Figure 47. 

Energy dispersive x-ray analysis of contaminants seen on the specimen 
surface gave either no results, indicating possible organics, or gave varying 
amounts of the following elements: 

Al, Si, Cl, and Ca 

Microprobe analysis of the sur&ce revealed a thin layer of Cu on one 
side of the specimen. Also, AI 2 O 3 particles were foxmd frequently all over 
the resolidified portion and one spot was found which showed Fe and Cr. 

Emission spectrographic analysis of some of the material from the cen- 
ter of the specimen gave the foUowii^ trace elemental content: 
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Si 

20 PPM 

Fe 

5 PPM 

Cu 

10 PPM 

Ai 

10 PPM 

Ca 

20 PPM 

Cr 

20 PPM 


Electron microprobe analysis of the polished cross section gave no 
significant findings. 

Figure 48 is a macrograph of the polished and etched crn'is section of 

I Specimen SL-2. 5 

i 

J 

! The microstruclure is shown in Figures 45) through .'>1. Figure 49 shows 

tlie microstructure in tlie unmelled portion of the specimen. The grains are 
I larger in this area than in the original material indicating recrystallization has 

j occurred. Figure 50 shows the boundary between tlie resolidified and unmelted 

\ regions. Tliis figure also demonstrates the existence of tiie etch pits only in the 

I resolidified region. Figure 51 shows the structure in the resolidified region near 

I the top of the specimen. 

i 

I Summary, Specimen SL-2. 5 \vas not completely melted in the electron 

I beam but the unmelted portion recrystallized. TIte resolidified grain size, how- 

ever, was larger than tlie recr 3 'stallized grains. A protrusion exists on top of 
the specimen similar to the one seen on Specimen SL-1.9. This protrusion 
probably formed as a result of surface nucleation and growth before final soli- 
dification. No voids were formed in the specimen but the surface had a large 
number of pores present. 

The surface of the specimen vma contaminated with particles from the 
I support post, from evaporated material from other specimens, and from handling 

I after the e^qieriment was complete. 



RESULTS AND CONCLUSIONS 


The external appeai^nces of the four Skylab specimens characterized 
by this laboratory are very similar to those of the ground test specimens of 
the same alloys. One exception, perhaps, is the protrusion seen on the top 
of the pure nickel specimens. All of the specimens, both flight and ground 
base, were in contact with some other surface or with unmelted material 
during solidification. Therefore, since the thermal gradients during cooling 
were similar on both ej^eriments, the similarities of the specimens is not 
une}q>ected. The specimens processed in space apparently remained molten 
for a longer period of time than did the ground base specimens. The result 
was a greater loss in alloying elements by evaporation in the Skylab specimens. 

Some differences in microsegregation or microchemistry may be seen 
in the Skylab versus ground tests but the statistics are not sufficient to make 
any definitive statements. These differences might also be due to a longer 
molten state period than to zero gravity effects. 

Future e}q>erimentation in materials processing in space such as the 
M553 e}Q)eriment must require more preliminary scientific input into the pro- 
cedure and design of apparatus. More research is needed in the design of 
support posts to which the materials to be tested will not adhere and in proper 
systems for the deployment of the molten specimen. More usable data gather- 
ing techniques must be employed during the e;q)eriment such as fast frame movie 
camei^s monitoring for the duration of each specimen test, voice data on ob- 
served results, temperature monitoring, etc. Specimen handling should also 
be performed under clean room conditions. In order U obtain the most in scien- 
tific knowledge of zero gravity effects on materials processing the number of 
unknown variables must be brought to a minimum. 




Fijiure 1. Profile view of Specimen SL-h (lOX). 



Fiffure 2 


Top view of Specimen SL-1.3 (lOX), 
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Figure 3. Scanning electron micrograph of the columnar dendrites 
on the surface of Suecimen SL-1. 3 (lOOX). 



Figure 4. Scanning electron micrograph of the equiaxed cendrites 
and porosity on the surface of Specimen SL-1. 3 (lOOX). 
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Figure 



5. Scanning electron micrograph of the abrupt change from equiaxed 
to small ciicular dendrites on Specimen SL-1.3 (lOOX). 



Figure 6. Scanning electron micrograph of the abrupt change from equiaxed 
to small circular dendrites on Specimen SL-1.3 (250X). 



Scanning electron micrograph of the smooth side 
of Specimen SL-1.3 (250X). 


Figure 7 


Scanning electron micrograph taken normal to 
the bottom of Specimen SL-1, 3 (25X). 









Figure 11. Optical micrograph of the dendritic structure 
in the cross section of Specimen SL-1. 3 (250X). 


Figure 12. Scanning electron micrograph of the dendritic structure 
in the cross section of Specimen SL-1. 3 (250X). 





Figure 13. Optical micrograph of the transition region between 
grains and dendrites in the cross section of Specimen SL-1. 3 (lOOX). 



Figure 14. Scanning electron micrograph of the porous region 
of the cross section of Specimen SL-1. 3 (250X). 






Figure 17. Scanning electron micrograph of the columnar 
dendrites on the surface of Specimen SL-1. 8 (250X). 


Figure 18. Scanning electron micrograph of the abrupt change 
from equiaxed dendrites to the cap region on Specimen SL-1. 8 (250X), 
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. Scanning electron micrograph of the circular dendrites 
in the cap region of Specimen SL-1.8 (250X). 


Figure 20. Scanning electron micrograph of the edge of the cap 
region of Specimen SL-1. 8 (lOOX). 










Figure 21. Optical macrograph of the polished and etched 
cross section of Specimen SL-1.8 (lOX). 



Figure 22. Scanning electron micrograph of the microstructure near the cap 
region in the cross section of Specimen SL-1.8 (lOOX). 
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Figure 23. Optical micrograph of the microstructure near the porous 
band in the cross section of Specimen SL-1. 8 (lOOX). 


Figure 24. Scanning electron micrograph of the microstructure near the porous 
band in the cross section of Specimen SL-1. 8 (lOOX). 


Figure 25. Optical micrograph of the microstructure near the 
center of the cross section of Specimen SL-1. 8 (lOOX). 



Figure 26. Scanning electron micrograph of the microstructure near the 
center of the cross section of .Specimen SL-1. 8 (250X). 




Specimen SL-1.9 (lOX). 
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Figure 31. Scanning electron micrograph of the surface 
of Specimen SL-1.9 near the sting (lOOX). 


Figure 32. Scanning electron micrograph of the surface 
of Specimen SL-1, 9 near the top (25X). 







Figfure 33. Scanning elec'^on micrograph of the surface 
of Specimen SL-1.9 near the top (250X). 



Figure 34. Scanning electron micrograph of the top 
protrusion on Specimen SL-1.9 (25X). 



Figure 35. Scanning electron micrograoh of the edge of the 
top protrusion on Specimen SL-i 9 (lOOX). 


Figure 36, Scanning electron micrograph of the edge of the 
top protrusion on Specimen SL-1,9 (lOOX). 
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Figure 41. Scanning electron micrograph of the resolidified surface of 
Specimen SL-2.5 near the sting side (250X). 





Figure 43. Scanning electron micrograph of the top 
of Specimen SL-2.5 (25X). 




Figure 44. Scanning electron micrograph of an edge of 
the protrusion on Specimen SL-2.5 (lOOX). 
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Figure 45. Scanning electron micrograph of an edge of 
the protrusion on Specimen SL-2. 5 (25CX). 



Figure 46. Scanning electron micrograph of the top surface of 
Specimen SL-2. 5 at the resolidified - unmelted boundary (lOOX). 
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Figure 49. Optical micrograph of ihe etched cross 
section of Specimen SL-2.5 in the unmelted region (lOOX). 



Figure 50. Optical micrograph of the etched cross section of Specimen SL-2. 5 
in the boundary between the resolifidied and unmelted portion ( lOOX). 
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